%e investigate the role of the full dynamical dependence of the free off-shell nucleon-nucleon t matrix on the optical potential for proton-nucleus elastic scattering in the 100 -400 MeV incident energy range within a full-folding model context. Particular emphasis is placed on the effects of deuteron formation by explicitly taking into account pole singularities in the free nucleon-nucleon t matrix. The full-folding model for the optical potential provides a Bexible framework for this purpose as it allows the sampling of the internucleon effective force both off shell and as a function of the energy available in the center of mass for the interacting nucleon pair. A comparison of calculated and measured scattering observables for proton elastic scattering on Ca and Pb leads to the conclusion that the full off-shell free t matrix is a poor approximation for that part of the nucleonnucleon effective force required for calculating optical potentials below 250 MeV. Medium effects and higher order corrections to the optical potential are necessary to improve our understanding of nucleon scattering.
I. INTRODUCTION
A problem systematically eluded in microscopic calculations of nuclear processes is the full account of the bare nucleon-nucleon (NN) force used in deriving the effective NN interaction. Indeed, the presence of a strong resonance in the So state and the pole singularity in the Sq -Dq (deuteron) coupled states in the NN free transition matrix (t matrix) [1] are not usually considered in the development of widely used efFective NN forces [2 -6) . Resonances and bound states are treated in detail and, in fact, often play a preeminent role in calculations of fewbody problems [7, 8] . One of the main justifications for ignoring these irregular aspects of the NN force is that medium e8'ects are expected [9, 10] to modify the characteristics of the &ee 4 matrix so that its singular properties will not be relevant for nucleons interacting in the nuclear medium. This has been particularly true in the case of local coordinate space models for the NN efFective interaction where the localization prescription implies averages of the dynamics over a limited region of phase space [2 -4, 6] . Similarly, most theoretical models of the optical potential are normally developed so as to manifestly avoid the singular properties present in the NN efFective force, thus providing a plausible though somewhat arbitrary starting point upon which to calculate higher order corrections.
Intermediate energy ( 200 -400 Me V) nucleon-nucleus (NA) elastic scattering provides an interesting region where the importance of the full dynamical complexities of the internucleon effective force may be assessed. At these energies, it has been estimated that medium efFects are not too important and therefore the &ee t matrix should be a good approximation to the effective force between nucleons [ll - 14] . At beam energies above 400 MeV the validity of a static nonrelativistic representation for the bare NN force which gives rise to the t matrix [13, 14] becomes questionable. From a theoretical point of view, the full-folding approach [13] to calculating the NA optical potential provides a &amework where we can explore the NN t matrix both oK the energy shell and as a function of the energy available in the center of mass (c.m. ) of the interacting nucleon pair [15] . Alternative approaches [11, 12, 14] to calculate NA scattering observables are essentially based on much simpler (factorized) tp approximations to the NA optical potential. In these alternative approaches, the underlying assumption is that the effective force has a smooth energy and ofF-shell dependence so that the relevant matrix elements needed to determine the optical potential are those corresponding, on average, to the on-shell values of the We use the full-folding model approach to calculate the NA optical potential [13] . This model involves basically a convolution of the target ground state mixed density with the off-energy-shell, energy-dependent NN t matrix.
Therefore, the interplay between the incident nucleon energy and the sampling of the effective force by the bound nucleons wave functions will determine how sensitive the scattering process is to the singularities of the t matrix. A restricted approach was followed in our earlier work [13] where the full energy dependence of the t matrix was not explicitly accounted for under the assumption that the overlap between the target density and the effective force was negligible in the NN negative energy region.
Nevertheless, indirect evidence of the deuteron singularity affecting the NA optical potential was reported in Ref. [15] where a notable sensitivity of the scattering observables to the starting energy was reported. Assuming that medium effects are not important [14] , the two-body 1" matrix is given by
II. THEORETICAL FRAME%YORK AND ESTIMATES
The nonrelativistic description of NA elastic scattering relies on the existence of a bare NN force which provides a reasonably good description of the observables for a twonucleon system. Based on this bare NN interaction, the idea is to construct an e8'ective force which accounts for the propagation of the nucleon in the nucleus while interacting with the other nucleons in the target and allowing for those nuclear excitations consistent with the elastic process [18 -21] . In the interxnediate energy region, say nucleon incident energy E of the order of 200 MeV and above, it is expected that intrinsic medium corrections such as Pauli blocking and the mean nuclear field for the with the b function making explicit the translational invariance of the two interacting &ee nucleons and t(ur) is the one-body reduced t matrix defined by [1] (~'
Here, tc and Q are the relative and c.xn. momenta of the nucleon pair, V is the bare NN force, K is the relative (4) with the different momenta defined as kinetic energy operator, m is the nucleon mass, h = 1 and g = 0+ to have the proper asymptotic conditions for particle propagation. We have chosen to write the explicit solution for the reduced t matrix rather than its usual Lippmann-Schwinger integral equation [1] to emphasize the presence of the deuteron bound state in our later discussion.
A 6nal expression for the full-folding optical potential can be cast in closed form by inserting Eq. (2) into Eq. (1) and integrating to eliminate the total momentum conserving b function. Replacing the single-particle energies e by the average binding energy of the nucleons in the target e, an approximation which does not alter significantly the sampling of the t matrix [13] , we obtain ing proton and neutron densities. The details can be found in Ref. [13] .
One further simplification has been introduced in our present calculations of the optical potential U. This is related to approximating the mixed density by [22] p(q P) = p(~&) cgR O pR with p(R) the nucleon density of the target, k(R) determined by either the Slater or Campi-Bouyssy prescriptions [23] , and
This has been shown to provide a reasonable representation of the mixed density [22] . A simple overall picture of the importance of the deuteron channel within a &ee t-matrix approximation for the efFective NN interaction can be illustrated by considering the forward on-shell matrix element of the optical potential. From Eqs. (4) and (5) In the upper frame of Fig. 2 we show, as a function of the average struck nucleon momentum P, the momentum pro le of the mixed density at q = 0 given by P2p(0, P)
We observe that the momentum distribution extends up n t e lower frame we present the range of variation of t e c.m. momentum for a typical value of P =1.1 m which corresponds to roughly half density in the nucleus. This range is represented by the shaded region around Q = ke(E) (dotted curve). Also in Fig. 2 The target density for OCa was determined &om a single-particle model using a Wood-Saxon parametrization for the mean field designed to fit the rms radius of the point-proton density determined &om electron scattering and to fit experimental single-particle energies [13] [27] . Spin rotation measurements shown at 300 MeV correspond to an actual beam energy of 320 MeV and were taken from Ref. [28] . The data at 200 MeV are &om Ref. [29] . The cross-section data at 181 and 160 MeV were taken from Ref's. [30] and [31] ,respectively, whereas the corresponding A"data are &om Refs. [31] and [32] , respectively. The full curves represent the complete full-folding calculations while the dashed curves show the case when the absorption generated by deuteron formation [first term in Eq. (11)] is omitted. At 300 and 400 MeV the agreement between theory and experiment is very good and of quality similar to results reported earlier [13] . At an 121 e are reported in Ref. [32] , whereas the 98-MeV data are reported in Ref. [31] . MeV. The calculated observables correspond to full-folding calculations using Z= -24 MeV (solid curves) and K=O [17] lead to an overall reduction in the propagating energy and to small corrections to observables above 100 MeV incident energy. The inclusion of medium-dependent double-scattering terms within an optimal factorization approximation has been shown [16] to have small eKects on proton scattering observables above 100 MeV, while generating substantial modifications to proton-nucleus wave functions for small partial waves. Calculations which incorporate medium effects within the full-folding framework are underway [33] .
IV. CONCLUSIONS
In this paper we 
